Second monomer binding is the rate-limiting step in the formation of the dimeric PhoP-DNA complex.
PhoP, the response regulator of the PhoP/PhoQ system, regulates Mg(2+) homeostasis in Salmonella typhimurium. Dimerization of PhoP on the DNA is necessary for its regulatory function, and PhoP regulates the expression of genes in a phosphorylation-dependent manner. Higher PhoP concentrations, however, can activate PhoP and substitute for phosphorylation-dependent gene regulation. Activation of PhoP by phosphorylation is explained by self-assembly of phosphorylated PhoP (PhoP-p) in solution and binding of the PhoP-p dimer to the promoter. To understand the mechanism of PhoP dimerization on the DNA, we examined the interactions of PhoP with double-stranded DNAs containing the canonical PhoP box (PB). We present results from multiple biophysical methods, demonstrating that PhoP is a monomer in solution over a range of concentrations and binds to PB in a stepwise manner with a second PhoP molecule binding weakly. The affinity for the binding of the first PhoP molecule to PB is more than ∼17-fold higher than the affinity of the second PhoP monomer for PB. Kinetic analyses of PhoP binding reveal that the on rate of the second PhoP monomer binding is the rate-limiting step during the formation of the (PhoP)(2)-DNA complex. Results show that a moderate increase in PhoP concentration can promote dimerization of PhoP on the DNA, which otherwise could be achieved by PhoP-p at much lower protein concentrations. Detailed analyses of PhoP-DNA interactions have revealed the existence of a kinetic barrier that is the key for specificity in the formation of the productive (PhoP)(2)-DNA complex.